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&KDUOHV�/HJJHWW��&*/HJJHWW#OEO�JRY!

3URWRW\SH�*($17��6HUYLFH�IRU�$7+(1$3URWRW\SH�*($17��6HUYLFH�IRU�$7+(1$

IUDPHZRUNIUDPHZRUN

$7/$6�6RIWZDUH�:RUNVKRS

'HF�������

$UFKLWHFWXUH�6HVVLRQ



�&KDUOHV�/HJJHWW��&*/HJJHWW#OEO�JRY!

2EMHFWLYHV2EMHFWLYHV

✦ $FFHVV�*($17��VHUYLFHV�IURP�$7+(1$�IUDPHZRUN

✦ 8VH�+HS0&�HYHQW�DV�SURGXFHG�E\�*HQHUDWRUV

✦ 8QGHUVWDQG�YDULRXV�JHRPHWU\�IRUPDWV�
● EDVLF�*($17��&���JHRPHWU\�FODVVHV

● $*''

● '20

✦ 8VH�*($17��3K\VLFV�/LVWV

✦ 3UHVHUYH�*($17��+LWV�DQG�7UDFNV�IRU�IXUWKHU
SURFHVVLQJ

✦ 9LVXDOL]DWLRQ

✦ 8VH�$7+(1$�IUDPHZRUN�IDFLOLWLHV�IRU
SHUVLVWLILFDWLRQ

✦ 8VH�$7+(1$�IUDPHZRUN�IDFLOLWLHV�IRU�KLVWRJUDPV

✦ 8VH�DQ\�RWKHU�$7+(1$�IUDPHZRUN�FRPSRQHQW���



�&KDUOHV�/HJJHWW��&*/HJJHWW#OEO�JRY!

&RPSRQHQWV&RPSRQHQWV

✦ *�6YF��$7+(1$�*$8',�VHUYLFH
● *�6YF

� LQKHULWV�IURP�,6HUYLFH��,*�6YF�

� XVXDOO\��RQO\�WKLQJ�WKH�XVHU�QHHGV�WR�WDON�WR

● *�6YF5XQ0DQDJHU

� LQKHULWV�IURP�*�5XQ0DQDJHU

� H[WHQGV�IXQFWLRQDOLW\

� VSOLWV�XS�HYHQW�ORRS�VR�*��HYHQW�KLW�VWRUH�GRHVQ¶W�JHW�FOHDUHG�XQWLO�HQG�RI�$WKHQD

HYHQW

● $WKHQD+HS0&WR*�(YHQW$FWLRQ

� FRQYHUWV�+HS0&�HYHQW�LQ�6WRUH*DWH�WR�*�(YHQW

✦ $*''�JHRPHWU\�EXLOGHU
● UHDGV�;0/�ILOHV�DQG�EXLOGV�JHRPHWU\�PDWHULDOV�VSHFLILFDWLRQV

✦ '20�JHRPHWU\�EXLOGHU
● UHDGV�RWKHU�;0/�ILOHV�XVLQJ�'20�PRGHO



�&KDUOHV�/HJJHWW��&*/HJJHWW#OEO�JRY!

$FFHVV�WR�*($17��6HUYLFHV$FFHVV�WR�*($17��6HUYLFHV

✦ SXUH�*($17��IDFLOLWLHV�FDQ�EH�DFFHVVHG�LQ�VHYHUDO
GLIIHUHQW�ZD\V�

● XVLQJ�SUH�GHILQHG�*�6YF�DFFHVV�PHWKRGV��VXFK�DV�

� 6HW8VHU$FWLRQ��*�98VHU(YHQW$FWLRQ���

� 6HW8VHU,QLWLDOL]DWLRQ�*�98VHU'HWHFWRU&RQVWUXFWLRQ���

● GLUHFW�DFFHVV�WR�*�5XQ0DQDJHU

● YLD�FRPPDQG�OLQH�XVHU,QWHUIDFH�VHVVLRQ

● VHQGLQJ�WH[W�FRPPDQGV�WR�WKH�8,PDQDJHU

● JHW�KROG�RI�YDULRXV�RWKHU�*��REMHFWV��VXFK�DV�*�(YHQW�DQG�WDON

GLUHFWO\�WR�WKHP



�&KDUOHV�/HJJHWW��&*/HJJHWW#OEO�JRY!

3URFHVV�/RRS��LQLWLDOL]H��3URFHVV�/RRS��LQLWLDOL]H��

G4Svc::initialize()

AddListner(EndEvent, McEventGenerated)

new G4SvcRunManager

LArG4Sim::initialize()

G4Svc->SetUserInitialization(new LArDetectorConstruction)

G4Svc->SetUserAction(new LArRunAction)

G4Svc->SetUserAction(new LArEventAction)

G4Svc->SetUserAction(new LArSteppingAction)

LQLWLDOL]H��



�&KDUOHV�/HJJHWW��&*/HJJHWW#OEO�JRY!

3URFHVV�/RRS��H[HFXWH��3URFHVV�/RRS��H[HFXWH��

*HQ0RGXOH��H[HFXWH��

FUHDWH�+HS0&(YHQW&ROOHFWLRQ��SXW�LQ�6WRUH*DWH

ILUH�0F(YHQW*HQHUDWHG�LQFLGHQW

*�6YF��KDQGOH�0F(YHQW*HQHUDWHG�

LI��)LUVW(YHQW��^

��UXQ0JU�!6HW8VHU,QLWLDOL]DWLRQ�3K\VLFV/LVW�

��UXQ0JU�!6HW8VHU$FWLRQ�$WKHQD+HS0&WR*�(YHQW$FWLRQ�

��VHWXS�YLVXDOL]DWLRQ

��UXQ0JU�!,QLWLDOL]H��

`

*�6YF5XQ0DQDJHU��6WDUW(YHQW�Q�

6HW1XPEHU2I(YHQWV7R%H6WRUHG�Q�

5XQ,QLWLDOL]DWLRQ��

'R(YHQW/RRS�Q�

$WKHQD+HS0&WR*�(YHQW$FWLRQ��*HQHUDWH3ULPDULHV��

IRU����Q��^

��6DYH+LWV��

��6DYH7UDFNV��

`

H[HFXWH��



�&KDUOHV�/HJJHWW��&*/HJJHWW#OEO�JRY!

3URFHVV�/RRS��H[HFXWH��3URFHVV�/RRS��H[HFXWH��
FRQWFRQW��

/$U*�6LP��H[HFXWH��

DFFHVV�*�9+LWV�LQ�6WRUH*DWH

SURFHVV�+LWV

*�6YF��KDQGOH�(QG(YHQW�

UXQ0JU�!(QG(YHQW��

*�6YF5XQ0DQDJHU��5XQ7HUPLQDWLRQ��

H[HFXWH��



�&KDUOHV�/HJJHWW��&*/HJJHWW#OEO�JRY!

0&�(YHQW�&RQYHUVLRQ0&�(YHQW�&RQYHUVLRQ

✦ &RQYHUW�+HS0&��*HQ(YHQW�DV�SURGXFHG�E\
*HQHUDWRUV�LQWR�D�*�(YHQW��XVLQJ�D�FODVV�WKDW
LQKHULWV�IURP�*�98VHU3ULPDU\*HQHUDWRU$FWLRQ

✦ &DQ�GR�PXOWLSOH�HYHQWV�SHU�HYHQW

✦ 7ULYLDO�WR�GR�ZLWK�6LQJOH3DUWLFOH*XQ

✦ )RU�3\WKLD�HYHQWV��GRQ·W�QHHG�DOO�WKH�SDUWLFOHV��FDQ
LJQRUH�XQVWDEOH�RQHV

✦ 3UREOHP��SDUWLFOH�WUHH�EHFRPHV�GLVFRQQHFWHG�
● SXW�DOO�SDUWLFOHV�LQWR�RQH�SULPDU\�YHUWH["

● FUHDWH�PDQ\�SULPDU\�YHUWLFHV��RQH�IRU�HDFK�+HS0&��*HQ9HUWH[

� FDXVHV�SUREOHPV�ZLWK�*($17�ZKHQ�KDYH�ORWV�RI�YHUWLFHV��VHJIDXOW�



�&KDUOHV�/HJJHWW��&*/HJJHWW#OEO�JRY!

3K\VLFV�/LVWV3K\VLFV�/LVWV

✦ 9HU\�VLPSOH��FRS\�GLUHFWO\�IURP�*($17��H[DPSOHV�

✦ 6HOHFW�YLD�MRE2SWLRQ
● *�6YF�3K\VLFV/LVW� �³VWULQJ´

✦ $YDLODEOH�OLVWV�
● *HDQWLQR��([1����([1���

● (OHFWUR0DJQHWLF��([1���

● )XOO��([1���

● ³QRQH´���XVHU�PXVW�VXSSO\�WKHLU�RZQ

✦ 8VHUV�FDQ�DOVR�FUHDWH�WKHLU�RZQ�OLVWV��DQG�ORDG�WKHP
YLD

● *�6YF�!6HW8VHU,QLWLDOL]DWLRQ��3K\VLFV/LVW*��



��&KDUOHV�/HJJHWW��&*/HJJHWW#OEO�JRY!

6DYLQJ�*�9+LWV6DYLQJ�*�9+LWV

*�6YF5XQ0DQDJHU��6DYH+LWV�*�(YHQW*�HYHQW��^

��HYHQW�!*HW+&RI7KLV(YHQW��

��QHZ�YHFWRU�VWULQJ!�KLWBNH\V

��IRU��+LW&ROOHFWLRQV�LQ�HYHQW��^

����QHZ�YHFWRU�*�9+LW!�YB+&

����KLWBNH\V�!SXVKBEDFN�+LW&ROOHFWLRQ�!*HW1DPH���

����IRU��*�9+LWV�LQ�+LW&ROOHFWLRQ��^

������YB+&�!SXVKBEDFN�*�9+LW�

����`

����6WRUH*DWH�!UHFRUG�YB+&�+LW&ROOHFWLRQ1DPH�

��`

��6WRUH*DWH�!UHFRUG�KLWBNH\V�´+LW.H\V´�

`



��&KDUOHV�/HJJHWW��&*/HJJHWW#OEO�JRY!

6DYLQJ�*�97UDMHFWRULHV6DYLQJ�*�97UDMHFWRULHV

✦ 9HU\�VLPLODU�WR�*�9+LWV��H[FHSW�DOO�VWRUHG�LQ�RQH
FRQWDLQHU

✦ GHEXJ�PRGH�SULQWV�RXW�DOO�*�7UDMHFWRU\3RLQWV�LQ
HDFK�*�97UDMHFWRU\��7XUQ�RII�ZKHQ�XVLQJ�3\WKLD�

*�6YF5XQ0DQDJHU��6DYH7UDFNV�*�(YHQW�HYHQW��^

��YHFWRU�*�97UDMHFWRU\!�YB7&� �QHZ�YHFWRU�*�97UDMHFWRU\!�

��*�7UDMHFWRU\&RQWDLQHU�7&� �HYHQW�!*HW7UDMHFWRU\&RQWDLQHU���

��IRU��*�97UDMHFWRU\�LQ�7UDMHFWRU\&RQWDLQHU��^

������YB7&�!SXVKBEDFN�*�97UDMHFWRU\�

��`

��VWRUH*DWH�!UHFRUG�YB7&��*�97UDMHFWRU\��

`



��&KDUOHV�/HJJHWW��&*/HJJHWW#OEO�JRY!

$FFHVVLQJ�WKH�*�6YF$FFHVVLQJ�WKH�*�6YF

✦ 7HOO�WKH�MRE2SWLRQV�DERXW�LW�

✦ *HW�KROG�RI�WKH�VHUYLFH�LQVLGH�\RXU�DOJRULWKP�

$SSOLFDWLRQ0JU�'//V���� �^��*�6YF��`�

$SSOLFDWLRQ0JU�([W6YF�� �^��*�6YF��`�

�LQFOXGH��*�6YF�,*�6YF�K�

,*�6YF�SB*�6YF�

6WDWXV&RGH�VWDWXV� �VHUYLFH��*�6YF��SB*�6YF��



��&KDUOHV�/HJJHWW��&*/HJJHWW#OEO�JRY!

*�6YF�-RE�2SWLRQV*�6YF�-RE�2SWLRQV

✦ *�6YF�3K\VLFV/LVW�
● �([1������([1������([1������([1����

● �*HDQWLQR����(0����)XOO����QRQH�

✦ *�6YF�'HIDXOW3K\VLFV&XW
● IRU�D�3K\VLFV/LVW

✦ *�6YF�9LVXDOL]H
● WXUQ�RQ�YLVXDOL]DWLRQ

✦ *�6YF�9LV7\SH
● GHIDXOW�950/

✦ *�6YF�7UDFNLQJ
● *�5XQ0DQDJHU�!6HW6DYH7UDFNV

✦ *�6YF�5XQ9HUERVLW\��(YHQW9HUERVLW\�
7UDFNLQJ9HUERVLW\

● KRZ�PXFK�*��RXWSXW�WR�SULQW�RXW



��&KDUOHV�/HJJHWW��&*/HJJHWW#OEO�JRY!

*�6YF�8VHU,QWHUIDFH*�6YF�8VHU,QWHUIDFH

✦ &DQ�DFFHVV�WKH�*�8,�WH[W�XVHU�LQWHUIDFH�DW�DQ\
WLPH�

● SB*�6YF�!6WDUW8,6HVVLRQ���

✦ &DQ�DOVR�SDVV�FRPPDQGV�GLUHFWO\�WR�WKH�8,PDQDJHU�
● SB*�6YF�!XL0JU���!$SSO\&RPPDQG���*��FRPPDQG����



��&KDUOHV�/HJJHWW��&*/HJJHWW#OEO�JRY!

$FFHVVLQJ�+LWV�DQG�7UDFNV$FFHVVLQJ�+LWV�DQG�7UDFNV

✦ $V�VKRZQ�EHIRUH��*�9+LWV�DQG�*�97UDMHFWRULHV�DUH
VWRUHG�LQ�6WRUH*DWH�LQ�YHFWRUV��NH\HG�E\�QDPH

✦ 7R�UHWULHYH�KLWV�

FRQVW�'DWD+DQGOH��YHFWRU�VWULQJ!�!�KLWBNH\V�

YHFWRU�VWULQJ!��FRQVWBLWHUDWRU�NLWU�

6WDWXV&RGH�VWDWXV� �PBVJ6YF�!UHWULHYH��KLWBNH\V���+LW.H\V����

LI��VWDWXV�LV6XFFHVV����^

���IRU��NLWU KLWBNH\V�!EHJLQ����NLWU� KLWBNH\V�!HQG������NLWU��^

������FRQVW�'DWD+DQGOH��YHFWRU�*�9+LW!�!�KLWV�

������VWDWXV� �PBVJ6YF�!UHWULHYH�KLWV���NLWU���

������LI��VWDWXV�LV6XFFHVV����^

���������YHFWRU�*�9+LW!��FRQVWBLWHUDWRU�LWU�

���������IRU��LWU KLWV�!EHJLQ����LWU� KLWV�!HQG������LWU��^

�������������LWU���!�3ULQW���

���������`

������`

���`

`



��&KDUOHV�/HJJHWW��&*/HJJHWW#OEO�JRY!

%XLOGLQJ�*HRPHWU\�IURP�;0/%XLOGLQJ�*HRPHWU\�IURP�;0/

✦ 6HYHUDO�;0/�JHRP�PDWHULDO�EXLOGHUV�KDYH�EHHQ�LPSOHPHQWHG�

● 6WDQ¶V�*�%XLOGHU��*�%XLOGHU

● -HDQ�)UDQFRLV¶V�$*''%XLOGHU��*�$*''%XLOGHU

● $QGUHD¶V�'20�PRGHO��*�'20%XLOGHU

$SSOLFDWLRQ0JU�'//V�� �^��*�%XLOGHU��`�

$SSOLFDWLRQ0JU�7RS$OJ� �^���������*�%XLOGHU$OJ��������`�

*�%XLOGHU$OJ�0DWHULDO;0/� ��0DWHULDOB$*''�[PO��

*�%XLOGHU$OJ�'HWHFWRU;0/� ��$WODVB$*''�[PO��

$SSOLFDWLRQ0JU�'//V�� �^��*�$*''%XLOGHU��`�

$SSOLFDWLRQ0JU�7RS$OJ� �^���������*�$*''%XLOGHU��������`�

*�$*''%XLOGHU�0DWHULDO;0/� ��0DWHULDOB$*''�[PO��

*�$*''%XLOGHU�'HWHFWRU;0/� ��$WODVB$*''�[PO��

$SSOLFDWLRQ0JU�'//V�� �^�³*�'20%XLOGHU´�`�

$SSOLFDWLRQ0JU�7RS$OJ� �^���������*�'20%XLOGHU��������`�

*�'20%XLOGHU�;0/� �^�´6&7'HVF�[PO´��³FRORU�[PO´�`�



��&KDUOHV�/HJJHWW��&*/HJJHWW#OEO�JRY!

%XLOGLQJ�$*''�*HRPHWU\%XLOGLQJ�$*''�*HRPHWU\

✦ 8VH�$*''�WR�UHDG�LQ��XQFRPSDFWHG��;0/

*�93K\VLFDO9ROXPH�'HWHFWRU&RQVWUXFWLRQ��&RQVWUXFW���^

��$*''B)DFWRU\�	I� �$*''B)DFWRU\��([SDWBLQVWDQFH���

��I�EXLOGBGHWHFWRUBGHVFULSWLRQ��PBPDWHULDO)LOH��

��%XLOG0DWHULDO�EXLOGBPDWHULDO�

��EXLOGBPDWHULDO�SDUVH$*''��I�JHWBGHWHFWRUBGHVFULSWLRQ�����

��I�EXLOGBGHWHFWRUBGHVFULSWLRQ��PBGHWHFWRU)LOH��

��%XLOG*HRPHWU\�EXLOGBJHRPHWU\�

��EXLOGBJHRPHWU\�SDUVH$*''��I�JHWBGHWHFWRUBGHVFULSWLRQ�����

`



��&KDUOHV�/HJJHWW��&*/HJJHWW#OEO�JRY!

9LVXDOL]DWLRQ9LVXDOL]DWLRQ

✦ 6HYHUDO�YLV�PRGHOV�DUH�FXUUHQWO\�VXSSRUWHG�
● 950/�YUZHE

● '$:1

● ZLOO�DGG�WKH�RWKHU�*��VWDQGDUGV�ZKHQ�,�JHW�WKH�FKDQFH��KDG�WURXEOH

FRPSLOLQJ�WKHP�LQ�XQGHU�/LQX[�ZKHQ�,�ILUVW�VWDUWHG

✦ %\�WXUQLQJ�YLVXDOL]DWLRQ�RQ�YLD�WKH�MRE2SWLRQV��WKH
*�6YF�ZLOO�ZULWH�RXW�WKH�DSSURSULDWH�YLVXDOL]DWLRQ
ILOH�DW�WKH�HQG�RI�HYHU\�HYHQW�



��&KDUOHV�/HJJHWW��&*/HJJHWW#OEO�JRY!

,PSOHPHQWDWLRQV,PSOHPHQWDWLRQV

✦ *($17��QRYLFH�H[DPSOHV���WKURXJK��
● SDFNDJH�*�6LP�*�([�

● XVH�$OJRULWKP�³*�([1��´��³*�([1��´��³*�([1��´��³*�([1��´

✦ /LTXLG�$UJRQ�&DORULPHWHU�
● SDFNDJH�*�6LP�/$U*�6LP

● XVHV�&���FODVVHV

✦ 6&7�ZLWK�*�%XLOGHU
● SDFNDJH�*�6LP�*�%XLOGHU

✦ 6&7�0XRQ�+(&�ZLWK�*�$*''%XLOGHU
● SDFNDJH�*�6LP�*�$*''%XLOGHU

✦ 6&7�ZLWK�*�'20
● SDFNDJH�*�6LP�*�'20%XLOGHU



��&KDUOHV�/HJJHWW��&*/HJJHWW#OEO�JRY!

'RFXPHQWDWLRQ'RFXPHQWDWLRQ

✦ RQOLQH�
● KWWS���DQQZP�OEO�JRY�*�

✦ &96�

● FXUUHQWO\�DW�%1/

● �&965227� ��DIV�UKLF�XVDWODV�SURMHFW�ORFDOFYV

✦ *�6LP�FRQWDLQHU�SDFNDJH�FRQWDLQV�
● *($17���LQWHUIDFH�SDFNDJH�IRU�*���XVLQJ�JHDQW������

● *�6YF

● *�%XLOGHU

● *�$*''%XLOGHU

● /$U*�6LP

● *�([


